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(54) Method and apparatus for current management in a battery powered audio device

(57)  The invention relates to a method of current c- use the control signal to reduce the load current in the
management in a battery powered audio device. Accord- battery powered device, whereby the supply voltage from
ing to the invention the method comprises the following the battery will increase,

steps: d- repeat steps a,b and ¢ whenever the supply voltage
a- comparing the actual supply voltage from the battery is below the reference voltage, and register the rate at
with a fixed reference voltage, which the sequence of steps are repeated, and

b- generating a control signal whenever the supply volt- e- activate an AGC to decrease the outputlevel whenever
age is below the reference voltage, repetition rate of the a,b and c steps is above a prede-

termined level.
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Description
AREA OF THE INVENTION

[0001] One of the characteristics of the batteries used
in hearing aids is the relatively high internal impedance
for this type of voltage source. Furthermore during the
life time of the battery this impedance increases. To give
an example for a 675 battery the internal impedance may
for a fresh battery start at 1-2 Ohm (at 100 Hz) and in-
crease to perhaps 10 Ohm at the end of the lifetime.
Another and even worse problem is related to the most
common battery type for hearing aids: Zinc-air batteries
wherein one of the active ingredients for operation is ox-
ygen from the air. The amount of air needed is dependent
of the current supplied from the battery and if a certain
current limit is exceeded the airflow through the inlets of
the battery becomes insufficient and as a result the bat-
tery voltage starts to drop. To make it worse this current
limit is not the same for different battery manufacturers
andis also afunction oftime. Any audio device depending
on battery power will have the above problem in more or
less severe grade.

BACKGROUND OF THE INVENTION

[0002] Forhearingaids especially within the power cat-
egory the above weaknesses presents a major problem
as the high sound levels produced by these hearing aids
result in high current consumption from the battery. If the
maximum current consumption from the hearing aid is
being limited to a conservative magnitude in order to
avoid problems with battery voltage drop, the maximum
sound pressure level that the hearing aid can supply will
be clearly below the needs for some of the hearing im-
paired. Increasing the maximum current on the other
hand will lead to another problem: if the battery voltage
is below a certain limit, the settings of the hearing aid can
not be guarantied and this results in a reset of the digital
control circuit during which the hearing aid is inoperative.
In other words some type of control within the hearing
aid is needed that will allow us to take advantage of the
high current which zinc-air batteries can deliver, but on
the other hand restricts the current demand from the
hearing aid if the battery voltage starts to drop.

[0003] A prior art systemis described in published WO
application No. DK03/00636. The prior art battery man-
agement system (BMS) uses a voltage detector to mon-
itor the battery voltage as shown in fig. 1. If this voltage
goes down to a predefined voltage (called bat. Low or
Veference)s the detector forwards a control signal Vqrol-
This signal is used to mute the output to the receiver
which again will reduce the current drain from the battery
thereby bringing the battery voltage up again combined
with an un-mute of the signal. This scheme is repeated
as many times as necessary in order to prevent the bat-
tery voltage from going down to the reset voltage of the
hearing aid.
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[0004] In the described prior art battery management
system, advantage is taken of the class D amplifier used
in the system. For a digital hearing aid with another type
of output amplifier like a PCM amplifier this prior art
scheme will not work due to audible side effects. Accord-
ing to the invention a system for battery management is
provided, which can be used with a PCM amplifier without
side effects detrimental to the sound quality.

SUMMARY OF THE INVENTION

[0005] According to the invention a method of current
management in a battery powered audio device is pro-
vided whereby the method comprising the following
steps:

a- comparing the actual supply voltage from the bat-
tery with a fixed reference voltage,

b- generating a control signal whenever the supply
voltage is below the reference voltage,

c- use the control signal to reduce the load current
in the battery powered device, whereby the supply
voltage from the battery will increase,

d- repeat steps a,b and ¢ whenever the supply volt-
age is below the reference voltage, and register the
rate at which the sequence of steps are repeated,
and

e- activate an AGC to decrease the output level
whenever repetition rate of the a,b and c steps is
above a predetermined level.

[0006] The c- step above is prone to audible side-ef-
fects, as the only way of securing fast reduction in the
current consumption is temporarily disconnect the larg-
est current consuming unit, namely the receiver. Such
repeated muting of the receiver becomes audible after a
short time as a metallic sound. The invention takes ad-
vantage of the fact, that the human hearing mechanism
is unable to detect this metallic sound if the duration of
the signal is in the order of some few milliseconds. Ac-
cording to the invention the sequence of actions a,b and
c are carried out when the reference voltage is to low. If
the sequence is carried out more than a predefined
number of times within a given timeframe, an output re-
duction using an AGC system is activated. This will re-
duce the output level ex. by 1 dB and thereby lower the
current consumption. If the sequence a,b and c is still
active and its rate exceeds the limit, the output reduction
by way of the AGC is increased and so forth until the
battery voltage is above the battery low limit. The a,b and
¢ sequence may cause an audible side effect, especially
if it is carried out over prolonged time. This is avoided by
the invention in that the AGC takes over the reduction in
output and current consumption. When the output reduc-
tion is handled by the AGC it will not lead to the same
kind of audible side effects, and it may happen less ob-
trusive for the user. The advantage of the invention is
that the a,b an c sequence is very fast and reacts imme-
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diately to decreasing supply voltage, and before the a,b
and c sequence becomes audible the AGC will take over
and reduce the power consumption in a less obtrusive
way.

[0007] The c- step above is usually a mute function,
whereby the current supply to the receiver is temporarily
cut off, but other ways securing a fast reduction in current
consumption are possible.

[0008] According to the invention the AGC system is
activated to return the sound level in increments to the
starting point whenever the repetition rate of steps a,b
and ¢ has remained below a certain limit for a predeter-
mined time after reduction of the sound level output. In
this situation the detector changes it's control signal, and
the AGC compressor settings will begin to return to nor-
mal again in small discrete steps. Compared to the attack
situation - which will happen rapidly within a few millisec-
onds - this regeneration is considerably slower.

[0009] Inafurtherembodimentofthe invention a warn-
ing signal is provided for the user whenever the output
power reduction caused by the AGC reaches a prede-
termined level, in order to signal that the battery has
reached its end of life. Thus, the user has time to change
the battery before the audio device is automatically
turned off or before resetting of the audio signal process-
ing is effected. This is especially advantageous when the
device is a hearing aid. As an example, assume that the
range of the AGC reduction is restricted to ex. 6 dB. If
this reduction in MPO and current consumption is not
enough - meaning that the mute system starts to become
active above a certain limit - this indicates that the battery
is approaching it's end of life and a beep sequence is
emitted telling the user, that it is time to change the bat-
tery.

[0010] The invention may provide independent AGC
systems in a number of channels. Preferably the inven-
tion isimplemented in 8 channels. The advantage of hav-
ing the system implemented in more channels is that the
AGC’s may act independently in the various channels.
Thus larger steps of output reduction may be provided
for some channels, typically for the low frequency chan-
nels.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 is a system diagram of a prior art BMS.
Fig. 2 shows a diagram of the system according to
the invention.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0012] The prior art system indicated by the diagram
of fig. 1 functions in the following way: the load current
liag In the receiver is transformed to a current lp,er,
taken from the battery. This current will generate a
voltage loss due to the internal resistance R, and/or
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due to lack of air within the battery. If the supply voltage
Vsupply 90es below a reference voltage Vgfgrence » the
comparator will now change its output state thereby
generating a control signal V.- This control signal
Vontrol 18 Used to reduce the load current I,,,4 from the
output amplifier - ex. by temporarily disconnecting the
load or receiver - or muting the receiver, then current
taken from the battery l,,ery Will decrease and Vg,
will go up above V,gference- This in turn will change the
output of the comparator and return the output amplifier
to normal operation.

[0013] This sequence will be repeated as many times
as necessary in order to prevent V., to go far below
Vreference .

[0014] Due to the repetition of the sequence, this sys-

tem can be considered to be a sampled system. By the
use of a fast comparator the repetition frequency can be
very much higher than twice the highest audio frequency
of interest and thereby any harmful side effects on the
audio quality will remain small. This is the case for a class
D output amplifier, but for other types of output amplifiers
the system may give rise to audible side effect like a
metallic ringing.

[0015] According tothe presentinvention, this is avoid-
ed by the use of an AGC system in combination with the
above prior art system, such that the number of mutes
experienced within a given time frame is kept below an
upper limit. In fig. 2 a system according to the invention
is shown. This system comprises the same elements as
the prior art system, but with the addition of the counter
and the AGC. Here the Counter determines the rate of
mutes. This may be done by counting the number of
mutes in consecutive time frames. When the mute rate
or number of mutes in a time frame exceeds a predeter-
mined level, the AGC of each channel is activated to re-
duce the output level. This output level reduction will
cause the current consumption to decrease, and possibly
the battery voltage will start to rise. If the battery voltage
remains low, further mutes will be generated, and if the
mute rate again exceeds the predetermined level, a fur-
ther control signal is generated to the AGC which will
result in a further decrease in the output level.

[0016] If the AGC remains activated due to high mute
rates for a longer time, and causing the AGC to reduce
the output level by a predefined limit amount, this indi-
cates that the battery has reached its end of life, and in
this event a warning signal is provided for the user of the
audible device. The limit amount could be 6 db.

[0017] If no new high mute rates are observed for a
predetermined time, the AGC is instructed to increase
the output level. This increase in output level has a long
time constant where as the reaction to high mute rates
is very fast.

Claims

1. Method of current managementin a battery powered
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audio device, the method comprising the following
steps:

a- comparing the actual supply voltage from the
battery with a fixed reference voltage,

b- generating a control signal whenever the sup-
ply voltage is below the reference voltage,

c- use the control signal to reduce the load cur-
rent in the battery powered device, whereby the
supply voltage from the battery will increase,
d- repeat steps a,b and ¢ as long as the supply
voltage is below the reference voltage, and reg-
ister the rate at which the sequence of steps are
repeated, and

e- activate an AGC to decrease the output level
whenever repetition rate of the a,b and ¢ steps
is above a predetermined level.

Method according to claim 1 wherein the AGC sys-
tem is activated to increase the sound level in incre-
ments whenever the repetition rate of steps a,b and
¢ has remained below a certain limit for a predeter-
mined time after reduction of the sound level output.

Method as claimed in claim 1 or 2, wherein a warning
signal is provided for the user whenever the output
power reduction caused by the AGC reaches a pre-
determined level, in order to signal that the battery
has reached its end of life.

Method as claimed in any of the above claims,
wherein independent AGC systems are provided in
a number of channels.

Method as claimed in claim 2, wherein the time con-
stant for activation of the AGC due to observed high
mute rate is small and where the time constant for
returning the AGC to the starting point due to ob-
served low mute rate is big.

Battery powered audio device with a battery which
provides a supply voltage, a signal processing part
and areceiver, whereby the signal processing device
is adapted for generating a fixed reference voltage
and where a comparator is provided for comparing
the supply voltage with the reference voltage, and
where means are provided for delivering a first con-
trol signal to the device whenever the supply voltage
is below the reference voltage, and where the signal
processing part has means for temporarily cutting
the supply voltage to the receiver whenever a first
control signal is generated, and whereby further a
counter is provided which is adapted to count the
number of first control signals within a given time
frame and wherein the counter is adapted to deliver
a second control signal to an AGC unit whenever the
counted number of first control signals within a time
frame exceeds a predefined number.
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7.

A battery powered audio device as claimed in claim
6, where the device is an output amplifier in a hearing
aid, and where the comparing means are arranged
to conduct the comparing at a repetition frequency,
which is above the highest audio frequency of the
hearing aid.

A battery powered audio device as claimed in claim
6, where the battery is a zinc-air battery.
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